A new class of infinite dimensional representations of the Yangians Y (g) and Y (b) corresponding to a complex semisimple algebra g and its Borel subalgebra b ⊂ g is constructed. It is based on the generalization of the Drinfeld realization of Y (g), g = gl(N ) in terms of quantum minors to the case of an arbitrary semisimple Lie algebra g. The Poisson geometry associated with the constructed representations is described. In particular it is shown that the underlying symplectic leaves are isomorphic to the moduli spaces of G-monopoles defined as the components of the space of based maps of P 1 into the generalized flag manifold X = G/B. Thus the constructed representations of the Yangian may be considered as a quantization of the moduli space of the monopoles.
Introduction
The Yangian Y (g) for a semisimple complex Lie algebra g was introduced by Drinfeld as a certain deformation of U(g [t] ) as a Hopf algebra [1] , [2] , [3] ( see for recent review [4] , and [5] ). Recently a construction of the special class of infinite-dimensional representations of Y (gl(N)) and Y (sl(N)) based on the generalization of the Gelfand-Zetlin construction was introduced in [6] . In this paper we generalize this construction to Y (g) for an arbitrary semisimple Lie algebra g. This generalization is based on the proposed generalization of the Drinfeld realization of Y (gl(N)) in terms of quantum minors to the case of Y (g) for an arbitrary semisimple Lie algebra g. We also construct representations of Y (b) where b ⊂ g is a Borel subalgebra of g. Not all of the considered representations of Y (b) may be lifted to the representations of Y (g). We also describe the Poisson geometry behind the constructed representation by defining explicitly the symplectic leaves of the classical versions of the Yangians Y (g), Y (b). The proposed description of the symplectic leaves reveals a deep connection with the moduli spaces of G-monopoles, Lie(G) = g. The symplectic leaves as symplectic manifolds turn out to be open parts of the moduli spaces of monopoles with maximal symmetry breaking supplied with the symplectic structure introduced in [7] for G = SU(2), in [8] for G = SU(N), and in [9] for an arbitrary semisimple Lie group G. Thus our construction of the Yangian representations may be considered as a quantization of the moduli spaces of G-monopoles.
The results of this paper support the strong connection between the quantum integrable systems and problems of the quantization of the various moduli spaces. The demonstrated connection between Yangian and the quantization of the moduli space of the monopoles is a particular example of this deep relation. We plan to consider its implications to the theory of quantum integrable theories elsewhere. Let us remark that the connection between the Atiyah-Hitchin symplectic structure on the moduli space of the SU(2) monopoles [7] with some particular integrable systems was noted previously in [10] , [11] .
Finally note that the explicit construction of the representations of Y (g) discussed below appears to be similar to the constructions of the representations of a class of elliptic algebras proposed in [12] , [13] . Nevertheless, the main result (Theorem 3.1) seems to be new.
The plan of the paper is as follows. In section 2 we provide various descriptions of the Y (g) in terms of the generators and relations. The constructions of Y (g) in terms of the generators A i (u), B i (u), C i (u) for the general Lie algebra is proposed. In Section 3, we describe a particular class of representations of the Y (g) and Y (b) and give explicit realization of its generators in terms of the difference operators. The main result is formulated in the Theorem 3.1. In Section 4 we discuss the underlying Poisson geometry and provide the description of the corresponding symplectic leaves of the classical counterpart of the Yangian. It appears that there is an isomorphism between open part of the symplectic leaves for Y (b) and the open part of the moduli spaces of the G-monopoles with the maximal symmetry breaking.
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The various presentations of Y (g)
We start with the definition of the Yangian for a semisimple Lie algebra g due to Drinfeld [1] , [2] (see also [14] ) in the form given in [15] .
Let h ⊂ b ⊂ g be a simple finite dimensional Lie algebra g of rank ℓ over C, a Cartan subalgebra h and a Borel subalgebra b. Let a = ||a ij ||, i, j = 1, . . . , ℓ be the Cartan matrix of g, Γ be the set of vertices of the Dynkin diagram of g, {α i ∈ h * , i ∈ Γ} be the set of simple roots and {α ∨ i , i ∈ Γ} be the set of the corresponded co-roots (a ij = α ∨ i (α j )). There exist positive integers d 1 , . . . , d ℓ such that the matrix ||d i a ij || is symmetric. Define the invariant bilinear form on h * by (
.
It is convenient to define the generators of the Yangian in terms of the generating series H i (u) , E i (u), and F i (u) , i ∈ Γ:
(2.1)
i , i ∈ Γ; s = 0, 1, . . . and the following defining relations
where
There is another closely related set of the generators of the Yangian given by Drinfeld [3] in the case Y (sl(ℓ + 1)). Below we propose the generalization of this description to Y (g) for an arbitrary semisimple Lie algebra g. In sequel we will use the following convention: k s=j f s = 1, for any f s if k ≤ j. which help to write down the formulas in a compact way. 
Proof: Expanding the left and right hand sides of (2.7) in powers u −1 and equating the coefficients in u −r−1 one can check that
Since the Cartan matrix is invertible, the statement follows by the induction procedure Let us introduce the generating series C i (u) and B i (u):
where d i = (α i , α i )/2. Due to (2.7), the change of the generators
It is convenient to introduce an additional set of series
where H i (u) are expressed through A i (u) by (2.7). Straightforward calculations lead to the following statement.
In addition, the following analog of the quantum determinant relation holds:
The described set of relations between A i (u), B i (u), C i (u) and D i (u) is a generalization of the Y (sl(ℓ + 1)) relations of [16] to the case of Y (g) with an arbitrary simple Lie algebra g.
By (2.11), the coefficients of the generating series A i (u), i = 1, . . . , ℓ define a commutative subalgebra of Y (g). This property will be important in the construction of the representations of the Yangian in the next section.
Construction of the representations of Y (g) and Y (b)
In this section the explicit construction of the representations of the Yangian in terms of difference operators is given. The explicit description of the representation of the Yangian in terms of difference/differential operators acting in some functional space is based on the choice of a commutative subalgebra. The elements of this subalgebra act in this representation by multiplication on functions. The proposed construction uses the subalgebra generated by A i (u) as a distinguished commutative subalgebra. However, we start with explicit description of the resulting representation; then we make some comments how it could be derived starting with the representation of commutative subalgebra generated by A i (u) and using the commutation relations between A i (u), B i (u), C i (u) described in Section 2.
Let us introduce a set of variables {γ i,k ∈ C ; i ∈ Γ; k = 1, . . . , m i }, where m i are arbitrary positive integer numbers and let M be the space of meromorphic functions in these variables. Let us define the following difference operators acting on M:
It is useful to arrange the variables into the set of the polynomials of the formal variable u of degrees m i , i ∈ Γ
We shall use the notations
Consider the operators
where R i (u) will be specified below. 
where (ii). Let {m i } be arbitrary integers and R i (u) be rational functions of the following form
where {ν Proof. To prove the Theorem introduce the following difference operators
where R i (u) are rational functions of u. It is easy to show that the operators
satisfy the relations
(3.14)
Now let us define the generators as
15)
and let R(u i ) be rational functions compatible with the expansion (2.1). Then the relations (2.2),(2.3) and (2.6) may be derived by straightforward calculations. If we further restrict R i (u) to be polynomial functions then the additional relations (2.4) hold. To complete the proof of the Theorem one should verify the relations (2.6), which forms in fact the only non-trivial part of the proof. However, one can see that such a verification is reduced to a combinatorial lemma proved below.
ik subject to relations (3.11) , (3.12) . Then for any n = 2, 3, 4 the following formulas holds:
Proof. We outline the proof of the only non-trivial relations (3.18). Thus, we should calculate the following expression for n = 2, 3, 4
We consider only the case of non-coincident indexes k i = k j for any i = j. The proof of the general case is quite similar. Let
. For n = 2, 3, 4 X n may be represented as a sum of n! terms of the first type:
and n n − n! terms of the second type:
(3.23)
One can reduce the terms of the second type to ( 2 n ) terms of the first type by means of the following formula. Let I := {1, . . . , n} be a set of n elements and let T be a set of couples (p, q) of distinct elements from I. Denote by I r := {r, r + 1, . . . , n} and let T r be the set of couples of distinct elements from I r . One has the following summation formula
The left hand side i u −1−s are some γ ikindependent series. From the commutation relations (2.11)-(2.19) one derives that B i (γ i,k ) and (C i (γ i,k )) −1 are proportional to the shift operator (3.1). Therefore, by (2.9) the residues of E i (u) and F i (u) are proportional to the B i (γ i,k ) and C i (γ i,k ) respectively. This explains the ansatz (3.16), and (3.17) for the generators E i (u) and F i (u).
Symplectic leaves of the Yangian and the monopole moduli spaces
In this section we describe the Poisson geometry relevant to the description of the Yangian representations proposed above. It appears that this leads to the direct connection with moduli spaces of G-monopoles such that Lie(G) = g.
Let Y cl (g) and Y cl (b) be the Poisson algebras corresponding to the classical limit of Y (g) and Y (b) in the sense of [19] , [20] . The elements Y cl (g) may be described as functions on the formal loop group LG − based at the trivial loop g(u) = e where e ∈ G is group unity. The elements of LG − have the form g(u) = exp(
The description of the Poisson algebra Y cl (g) in terms of the generators and relations can be obtained from (2.2)-(2.6) by taking the limit → 0:
3)
There exists the following simple interpretation of the generators h i (u), e i (u), f i (u) as functions on LG − . Let us fix the Gauss decomposition of an element g(u) ∈ LG − :
where H i , F α , E α provide a basis of g labeled by positive roots α, and φ i (u), f α (u), e α (u) are the local exponential coordinates on the group LG − . Note that we consider the functions on the formal loop group LG − that is we deal with functions on the formal neighborhood of 1 ∈ LG − where the Gauss decomposition (4.6) is valid "everywhere". The functions e i (u) := e α i (u), f i (u) := f α i (u) corresponding to the simple roots α i together with h i (u) = exp{− ℓ j=1 a ji φ j (u)} give us a set of the generators satisfying the relations (4.1)-(4.5). The local coordinates φ i (u), e i (u), f i (u) may be expressed explicitly in terms of the matrix elements of the fundamental representations of U(g). Let {π i } be a set of the fundamental representations corresponding to the fundamental weights {ω i } of g and v 
Lemma 4.1 The coordinates corresponding to the simple roots and Cartan elements entering the Gauss decomposition (4.6) can be expressed through the matrix elements (4.7) as follows
The variables a i (u),
,(2.9),(2.10). Similar description of Y (gl(ℓ+1)) was given in [3] (see also [17] , [21] ). In this case the functions a i (u), More invariantly this result may be formulated using the following identification [23] . Consider the holomorphic maps P 1 → G/B of multi-degree m = (m 1 , . . . , m ℓ ) ∈ Λ W where Λ W is the weight lattice Λ W of g. Take a point, say, ∞ ∈ P 1 and consider the evaluation map
which defines on M(m) a structure of the fibred space with a fiber M b (m) ≃ the space of maps {f :
Let us identify the moduli space M b (m) of the based holomorphic maps of multi-degree m with the moduli space M b (m) of rational based maps 
given by
We can choose polynomials a i (u) to be monic and we have deg 
Let f be a based map to the flag manifold G/B − . For any i ∈ Γ = {1, . . . , ℓ} let S i ⊂ G/B be the appropriate Schubert cell of codimension one (the B − -orbit); its closure S i ⊂ G/B is the Schubert divisor. Then for f define the intersection points
we assume them as points on A 1 = P 1 \ {∞}. Thus we have a projection
onto the m i -th symmetric powers of A 1 .
Remind that locally the Schubert cell S i ⊂ G/B is the zero divisor of a generic section ξ i ∈ Γ(G/B, L ω i ) for the fundamental weight ω i . In this way we define a map
assigning the rational function e i (u) on P 1 to the pull back of the generic section ξ i ; respectively, we identify theétale coordinates γ i,k and x i,k . It can be shown that the constructed map φ is actually one to one correspondence on the open parts of M b (m) and M b (m). The coordinates (x ik , y ik ) are connected with the coordinates (γ i,k , κ i,k ) used in this paper by simple redefinition It appears that such description of the symplectic leaves of the Poisson-Lie groups associated with the Yangian provides a direct connection with the moduli spaces of the Gmonopoles with the maximal symmetry breaking. These moduli spaces are also given by the spaces of the based maps P 1 → G/B [22] . Our construction provides the holomorphic symplectic structure on these spaces. The explicit description of the holomorphic symplectic structure on the moduli space of the monopoles was given in the case of G = SU(N) in [8] (generalizing the results for SU(2) of [7] ) and for general case in [9] . It turns out that our description of the coordinates on the moduli space and the expression for the Poisson structure in coordinates (x i,k , y i,k ) exactly matches the description given in [9] . Thus the representation constructed in Section 2 may be considered as a quantization of the moduli space of the monopoles.
